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ABSTRACT

The breakdown characteristics of antennas under supersonic flight
conditions at altitudes up to 80 miles were investigated. Three Nike-
Cajun rockets were instrumented and fired from Eglin Gulf Test Range on
4 November 1960 and on 14 and 24 March 1961. Significant results were

obtained enly from the 14 March firing.

Detaiis of the instrumentation are given, as well as a discussion
of the data obtained. Data are given on the RRF power required to
initiate and extingnish breakdown, surface temperatures, and pressure
on the surface of the conical nose. A comparison of breakdown data
with previously obtained laboratory data and with the theory of break-
down phenomena reveals discrepancies which remain unresolved due te the

limited quantity of flight data available for analysis.
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I INTRODUCTION

Telemetry and tracking signals from rockets and missiles have [re-
quently been subjected to severe degradation caused by RF breakdown of
the vehicle antenna. Previous experimental studies to evaluate the
effects of this breakdown phenomenon have mainly been conducted in the
laboratory, in which static pressure and room temperature conditions prevailed.
The primary goal of the investigation reported herein was to study the
breakdown characteristics of antennas subjected to the dynamic conditions
encountered in supersonic flight. The information thus obtained would
provide a means of determining the ability of the laboratory vacuum-

chamber data to »redict the performance of antennas on hypersonic vehicles.

The breakdown of antennas at low pressure has been studied in the

* “ . .
3" and it has been shown that the primary

past by various investigators
source of ionization is electron motion. The equation which describes
this mechanism is

on

'a-z— = (Vi —Va)n'*‘vz(Dn) +-S (l)

where n 1s the electron density, ¥, is the frequency of ionization per
electron, v  is the frequency of attachment per electron, D-is the dif-
fusion coefficient, and S is the rate of nroduction of electrons by an
external source. For breakdown to occur, the rate of change of electron
density with time (9n/9t) must be slightly greater than zero. Under these
conditions the electron density will increase exponentially with time at

a rate determined by 9n/9t, which is the valuc of the difference between

electron production and loss rates.

For the pulse breakdown case Eq. (1) can be integrated over a time
period of the pulse, 7, to obtain the final density, n. Performing the
integration and making the substitution that V2(Dn)/n = -D/A?, which is
obtained from steady state solutions of Eq. (1).

%
References are listed at the end of the report.




In —
V. v n
— Z + ..D_P. + __._._..9._ . (2)
P P (pA)? pT

Here A has the dimensions of length and i1s a characteristic diffusion
length for the particular geometry and conditions being considered. The
pressure term included in Eq. (2) is necessary to account for the effects

4 The initial source term, S, is

of density changes on the various rates.
eliminated except that it established the initial value of electron

density n,.

v, in Eq. (2) is taken as the value of electron production rate per
electron required to produce breakdown, while the quantities on the right
side of Eq. (2) constitute the loss rates by attachment, diffusion and
the additional increment of v, required for breakdown during the pulse
length 7. The value of n_ 1s assumed to be approximately equal to the
electron density associated with the plasma frequency, fp = 9 x 103n%,

where fp is the frequency of the applied electric field.

In order to determine the electric field required to produce break-
down the relationship between v, and £, must be known. E, is the effective
field which would produce the same energy transfer to the electrons as a

dc field and 1s given by

Ev,
E - (3)
(b2 + w?)%

where £ is the rms field, @ is the angular frequency of the applied field

and 1 is the collision frequency.

The equation describing breakdown under CW conditions is the same as
Eq. (2) with the exception that, for CW, 7 = ® and (ln n_/ng)/pr = 0.
Thus Eq. (2) becomes

- . (4)




The principal means by which antenna breakdown is changed by the
dynamic conditions of supersonic flight below about ¥ = 6, which 1is the
speed regime of interest here, 1is through the modification of the gas
density and temperature adjacent to the antenna due to aerodynamic
effects. Examination of the equations describing pulse and CW breakdown
indicate the dependence of the electron production rate, v,, as well as
all the loss mechanisms (attachment, diffusion, and time-dependent term)

on density. The relation between E£_ and £ Eq. (3), which is dependent

rms’

on thecollision frequency, and thus density and tempcrature, is also

modified by flight conditions and must be considered.

In mi.sile systems where very high velocities are encountered,
| M > 10, ionization due to aerodynamic heating and velocity effects may

become sufficient to further modify the required breakdown field.

Since breakdown results are somewhat different for pulsed and CW
radiations, tests were performed for each of these conditions. After
power output, size and weight, and complexity of available equipment
were considered, it was decided to perform the pulse experiment in the

X-band frequency range and the CW experiment in the VHF range. Labora-

tory tests and theory indicate that for a given frequency, antenna con-
figuration, and maximum power, breakdown can be expected to take place
over a certain range of gas densities. In the atmosphere the air density
is a function of altitude. Figure 1 shows the approximate altitude .
regions at which breakdown would be expected for VHF and X-band narrow
slot antennas where the power available is 30 watts CW and 7.0 kw peak,

respectively. Also shown are velocity and altitude characteristics of

a typical Nike-Cajun research rocket with an 80-1b payload. It can be
seen that this rocket has the altitude capabilities required, as well as
supersonic speed capability throughout the breakdown altitude regions.
Jecause of these essential characteristics and because of its relatiye
cheapness and ease of firing, the Nike-Cajun rocket combination was

chosen as the vehicle for the test instrumentation.

A second goal, which was introduced later in the program, was to

investigate the buildup of charge on the surface of the rocket during flight.
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Finally, & third goal was to investigate the effects of the ionosphere

on very-low-frequency (VLF) signals.
which was sponsored by U.S. Navy, Burea

This investigation was part of

u of Naval

x
apnother contract
1 Projects Office and conducted by SRI personnel on a

Weapons Specia
The results of that investigation have been

non-interference basis.

reportea separatelyﬁ

Contract NOw- 60- 0405 (FBM)
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IT INSTRUMENTATION

A. GENERAL -

Three rocket instrumentation packages assembled by SRI were fired?®
from Eglin Gulf Test Range, Eglin Air Force Base, Florida, in November
of 1960 and March of 1961. The instrumentation consisted of an X-band
transmitter and antenna; a VHF transmitter and antenna; X-band and
VHF detectors; a telemetry system; common power supply; and pressure
and temperature sensors. In addition to these equipments there were a
VLF receiver, magnetometer and a field strength meter which were used
to carry out the VLF-propagation and missile-charging experiments
mentioned in Sec. II. The VHF and X-band transmitters and the common
power supply were built on a sub-contract with Granger Associates. The
remainder of the equipment was either built or purchased and installed
by the Institute. Standard systems and components were used wherever

possible to reduce cost and complexity.

Figure 2 shows the basic arrangement of antennas and temperature
and pressure sensors. Figure 3 shows the space allocations for all
major equipments. Figure 4 is a photograph of one of the completed
packages with cover removed. Figure 5 shows the nose jcone section.
The design goal for total weight was approximately 60 lbs. However,
tae addition of two experiments raised the final total weight of the

equipment package to 80 lbs.

Several methods of data collection were employed. The RF pulses
radiated by the X-band antenna were detected by ground receiving equip-
ment, and the resulting video outputs were displayed on an oscilloscope
screen and photographed. The CW signals radiated by the VHF antenna
were detécted by ground receiving equipment which recorded the AGC
voltage. The rocket velocity, acceleration, and position data were
obtained from tracking radars and Contraves phototheodolites. A beacon
was carried on each flight to assure good tracking by the radars. The
remainder of the data were telemetered and recorded using standard

FM/FM telemetry equipment.
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B. ANTENNA BREAKDOWN

The VHF system consisted of a CW transmitter, detectors,'a narrow-

slot test antenna, a short-stub sampllng antenna (for sampllng power
transm1tted by the test - antenna) and a dual coaxial-line coupler.Qsee
P1g 6) ‘ -

The transmitter consisted of a driver and two powq} amplifﬁe;s"and
i was amplicude-médnlaned approximately linearly so that the power output
varied from a maximum of 30 watts (nominal) to a minimum of 1 watt
(nominal). This was done to initiqte and extinguish the antenna break-
down repeatedly throughout the flight. It is known that when breakdown'
occurs the amounts of power reflected and transmitted change suddenly,v
and the resulting step in the obsérved modulation envelopes can be -used
to 1nd1(-ate the pn]nl in the mndu]ar1nn (*yr-lo af whch hn‘brpakdown'
ocecurs. Thls together with a knowledgc of the slope of the power modu—w
lation envelope, enables an acturate determination of the powe1 level at
which breakdown is 1n1t1ated..‘Tbe extinguish level can be determined in
the same manner. This technique wasuused in this study. -A one <cycle-
permsecoﬁd modulation rate was chosen because it .was rapid enough to .
complete one cycle of the power swing with a relatively small change in
vehicle altitude and yet slow enough to permiv adequate telemetry sampling

of the modulation wave.

The detectors were d-c¢ self-compcnsating Wheatstone bridges with
resistance arms (see Fig. Ta). Two arms were fixed precision resistors;
tice active, or “unknown” arm was an N-610B bolometer which was also
_Loupled to tha RF rlrount the fourth arm was a N« blOB bolometer which

‘was not’ coupleu to the RF circuit. This latter bo}ometer was used to
compensate far unba]angeb 1esulL1ng f{rom temperature changes in the i
active bolometer. Potontlompter 7 was used to make the SlOpP oi the
resistancc-temperature curve .of the compensating bolbmeter‘equal to that
of the active b&lqmatgp} The RF circuit Wasléquéied to the active bolom-
eter through thigh~pass filter with cutoff slightly above 234 Mc to .
prevent coupling of the telemetry signals to the bridge detector. The
1solation achieveq between the VHF frequency of 259.7 Mc and the telemetry

frequency of 234 Mc was. greater than 20 db. Potentiometer R8 was used

11
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. FG. 7--SCHEMATIC DIAGRAM OF BOLOMETER BRIDGE CIRCUIT -

to set the initial bridge bulance, and B1l was used,tq adjust the output
level. Typical over-all sensitivity was .2.0 mv output per mw of average
RF power input (see Fig. 8).- o R .
R o LI L . ; ) : Lo '
Three such detectors wore employed Lo measure the amounts of power

‘A‘incidenb_on‘; reflected: from, and transmibted by the slot test antenna.

Tkxesé'bri_éges' were ‘pot't',ed and n.m”unted adjacent te ecach o’ther“ on a
common- base which was removable from the rocket for tuning and for
battery replacement. (see Fig. 9). A coaxial dual coupler was located
between the transmitter and antenna to permit sampling, the incident and

reflected power. This coupler had a coupling factor of 30 db and a.

13-
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Dhe

_directivity of 30 db. A stub antenna was used as a probe for sampling
‘the tvansmlttedlédwerl(seelFig: 2).  Decoupling between the stub and the
test antenpa-was found to be about 40 db; therefore no further decoup11ng

was requlrcd and the sampling stub was connected directly to the .input of

: pne'of the bridge detectors.

The test antenna was a cavity-backed narrow sSlot .antenna, with the

rocket skin acting as the ground plane (séevFig. 10). The Yg-inch

- apuarture was narrow enough to break down in the altitude region, of

120,000 to 240,000 ft. The use of a cunvenrionél"str;iéht scction Bérking‘
cavity was not 'possible due to the small rocket diameter in terms of the
wavelength. Instead, a wrap,arpund type of cavity was used, as shown in
Fig. 10. This was equivalent to a waveguide feed with a-very small b
dlmen51on (%- 1nch) and low charactert stlc meedance In add1t]on, the

a dimension (18- 1uches) was too ﬁmall Lo p\rmlr prnpagar1on 1f atr were

“used as the . dielectric. A dlclectr1r material w1th ‘a d1e1ecrrac vonstant'

greater than 2 was required. Originally a materxal with a dlelectrlc
constant of 2.5 and a loss tangent of 0.013 was used. This consisted of a
resin tn honeycomb form, which provided great mechanical strength. The
resulting antenna was carcfully tuned at the operating frequency of

259.7 Me hy édjusting the location and size of the feed probe. The
maximum VSWR after tuning was 1.5 over the band from 259 Mc to 261 Mc.

llowever, the insertion loss was measured and found to be greater than

_—— OUTER SHELL

o~ REXOLITE DIELECTRIC

. BNC CONNECTOR

2

DETAIL A-A .
VHE SLOT ANTENMA STATION 43062
{ 18" tong % I/g- wide ) : AB-2673-47

FIG. 10 VHF ANTENNA DETAILS
16
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7 db, which is considered excessive'in view.of the fact that most of "the
power delivered by the t}ansmitter.is‘required to assure a high enough
field at the slot to cause breakdoﬁn.j'A seéond prototype was constructedvi
with Bexolite as the dielectrie. “his material has a dielectric comstant
of 2.8 and ‘a loss tangent of 0.0006. After being matched to the same
specificutions as before, this antenna was found to have an insertion

loss of only 4 db. Breakdown tests were performed on the flight-model
antennas in“the“lahoéatory vacuum, chamber. -The results of the test on

the antenna used in the 14 Marc¢h firing are given in Fig. 11.
2. X-Bawnp

The A band system, which was similar to the VHF system, is shown in
Fig. 12, The basic differences were the use of pulsed, rather than CW energy,

and the use of waveguide transmissiuon line instead of coaxial cables,

A pulsed magnetron with a frequency of'97657 Mc and a maximum peak

- output of 7 kw was used as the power source. he pulscd output power

17
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of this tramsmitter was slowly varied by applying 1-cps modulation -

"voltage to a ferritefmodulatorvin the BF line. The-peak“power.outpuc

thus increaged and decreased approx1mate1y linearly, with a maximum of

7 kw knd a mlnlmum of 700 W&fLo.'

lhe detectors were baQLcally Lhe same as the VHF detectors described,
except that the waveguide itsélf was used as the input hlghApass filter
and & 10%«{&53 cutput filter was added to obtain a slowly-varying output
from the video pulses. Also, a 1-uf cépacitbi was connected across the
compengating bolometer to bypass the video pu]bns whlch feed back through-”
the battery (sce Fig. 7b). fypical over-all sen51L1v1ty was 3.5 mw out-

put per mw of average BF power input (see Fig. 8).

Three bridge deteutorb were employed in the X-band system to measure
1ng1deuu, rveflecied, and transmitted power. Two of thegse detectors were

Lnteglal parts of a waveguide dual coupler .inserted between the trans-

mitter and antenna to sample the .incident and reflected power (see Fig. 13).

These couplers had a coupling factor of 37 db and a directivity of 37 db.

With 7 kw peak power input, a pulse width of 1 psec, and a PRF of 414 eps,

the average IIF power appeaving at the active bolometer in the detector

was approximately 0.5 uw. A short probe was used to sample the trans-
mitted power (sce Fig. 2). This probe was coupled to the remaining
detector by a short section owafband guide which also served as a high-
pass filter to prevent stray couplingkof the $-band hbeacon signals to°
the detector. The three dgtectors were assembled together, as shown in
Fig. 13. . s Co ‘

The test antenna was an open-end waveguide with the nose cone acting

- as the ground plane (see” Fig. 14). The E-plane dimension of the waveguide
was reduced from 0.4 to 0.1 inch, to create a narrow slot that would break
down at 7 kw in the altitude range of 50,000 to 180,000 ft (Fig. 1). This

reduction was accomplished in a combined transition sectfon and EK-plane

bend made of stainleéss steel and terminated in a special flange containing

a quartz windOW’ar the point of attachment to the side of the nosecone.
This asseuwbly was carefully tuned by means of tuning screws which were then

locked in place to preserve the matched condition.

Breakdown tests were performed on the flight-model antennas in the

aboratory vacuum chamber Hesults of the tests on the antenna used in

19
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" 4 OF NOSE CONE

"STD. BRASS "X " BAND
////'QOVERiFLANGE

"

RB-2979-48

FIG. 14 X-BAMD ANTENNA DETAILS

- the 14 March firing are given in Figs. 15 and 16. Figure 15 shows the

pbak pover lcvelabruqu119d to 1nLL1dbC ‘and extinguish breakdown as a

funculon of plescure Wavelorms of the reflected and transmitted pulgﬂa

“were ohtained for several comb;nat:ons of peak power and pressure by

photographing 050111080096 traces of the video ocutput. A sanpling oib o o
these 'is presented in Fig. 16 w1th the correspondlng p01nts on” the ‘
. B ' ‘ bre:“down powef curve indicated in Fig. 15. 1In all cases the pulse height
was -adjusted by means of attenuators to the same level for convenience in
reading. Actual levels, in db_relative to an arbitrary zero, are npted
beside each pulse photograph. Figure 16(a) presents incidentf reflected
_ ) and transmitted pulse waveforms at various bressures at a peak iﬁcident
% ' h s .powér level wf 9.4 kw. Figure 16(b) and 16(c) arc for peak incident’ :
' ‘ power levels of 5.9 aﬁd 1.5 kw, respectively. . o

When a step-function voltage is applied which is within the region,
“above the curves of Fig. 15 a'small but finite time 3s rcequired for the
electron density to build up enough to cause breakdown. The length of
time requircd decreases with an increase of -incident power at a constant

pressure.” ' Also, at a comstant input power the length of time required
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decreases with & decrease in pressure to appraximately the pressure for

minimum breakdown power. As the pressure is further reduced the time

'requlred increases. avaxn. THe sequence of pulse shapes in Fig. 16 shows

tae w1den1ng and narrdowing of the reflected and cransmltted pulses as

the pressure is varied: N

C.  TELEMETRY SYSTEM

The telemetry system was a standard FM/FM system with five sub.-

.carriers. Two of the subcarrier channels were commutated; the remaining

.three were uncommutatedy or,continuous channels. A summary of the

characteristics is given in Table I. Channel A was used to monitor the

Table 1
TELEMETRY SYSTEM CHABRACTERISTICS

Frequency 234 Me
- BF power 6utput-—2 watts
. Subcarrier channels: . -
(a) 22.0 ke & THp—0-1 volt 1nput uncommuhated
(b)“ 30.0 ke & T%—0-1 -volt input, uncommutated
(¢) 40.0 ke & T4%—0-1 volt input, uncommitated
(J} 52,5 ke + T4%--0.2 to +0.8 volt input, commutated -
{e) 70.0 ke £ 4%

~0.2 to +0.8 volt input, commutated

vutput of Lhe pressure gauge; Channels B and C were used to monitor the
VLY receiver data; and Channels 1) and E were used to monitor several
data channels on a time-sharing hasis. The schedule of data for

Channels .D and K was as .follows:

CHANNEL D -

L FUNCTION ’ T gAMPLINP PAT
VL magnetometer data : ' }::.~20 sample% perAsec
viLE antenna éal:bratlon Channel 1 data |° 20 samples per sec
VLF antenna calibration—Channel 2 data |. 20 samples per sec
VLF receiver temperature data " | 20 samples per ses
Field strength data—Channel 1 = 10 sumples per sec
Field strengih data—Chiaune) 2 "} 10 samples per sce
. 6.3-v0lt d-¢ wmonitor data . . 20 samples per sec
48-volt d-c¢ wonitor data " 20 samples per sec
150-volt a-¢ wonibor data - 1 20 samples per sec|
l-cps modulation voltage monitor data- 20 samples per sec
‘thermoconple reference monitor data 20 samples per sec




i

R

o

Channue‘l E .

FUNCTION ~ . RN | SAHFLING HATE

X—band antenna 1ncldent power daba ' 40 samples per sec
1°X-band antenna reflected power data | 40 samples per sec

X-band antenna transmitted power data | 40 samples per sec N

VHF antenna 1nc1dent power data . 40 ;qmples per. sec o . e - i
"VVHF anvenna reflected power ‘data = . | 30 samples per sec) . . . CrouL ol g

VHF antenna transmitted power daca 30 samples per sec

Surface temperature data (4 channels) 10 samples per sec

: (each channel)

Figure 17 is a block diagram of the telemetry system. « A thﬁée-A
section mechanical commutator was used to commptate the 52.5- and 70-kec.
channels, as-shown. The amplifier feeding the 70-kc SCO (subcarrier
oscillator) was used to raise the voltage level'of the data channels:
frow the range of 0 to 1.6 mvy to the 1nput range of 0 to 0.8 volt of the
SC0. A-negative pedestal voltage equal to 20 pPrcenb of full-scale was
applied to.eyery other. commutator segment 1n -both-the 52.5- and 70-kc -
channels to permit synchronlzqt1on of. the automatlc decommutation systemb
at “the telemetry ground stations. - In addition, three comsecutive com-
mutator segments were connected to each other and to a positive full-scale
voltage to provide a frame synchrbnization stgnal and a full-scale cali-
bration point for each revolution of the commutator. Similarly, zero and
half-scalé ¢alibration points were also employed. The outputs of the five
S(0’'s were combined in a linear igolation network and uéed te frequeﬁcy—
modulate the tldnbmlft? bLgulFS 18 and 19 show tHL conflvuratlon of
the Leltmetry pankarv, which was mounted “on- both sides of an alumlnum

mounting plare locateu between Stations 33 5 and 42 5.

Do POWﬂh SUPPLYA

“Figure 90 i a block dlaﬁrum of ‘the, 1ncernal power supnly ‘used. to .
power tn9 rocket instrumentation parkare The - internal battpry cons1sted
of ilve Yardney PM 5 colls and iifteen Yardney 1I3-3 cells connected "in .

rles to form a 28 - volt d~r supply with a 6.3- volt tap,. ~'the changeover )

;rclay wax‘usvu to tiunsles the instruméntavion load to an external

bqrtory, thereby conserving internal battery power antil just pr)or to

“flighe.

Changeover, as well as other functions described in the following
paragraphs, was performed by remote control from the blockhouse. A control

panel specially designed for this purpose by the lnstitute was tocated in

27
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“the blockhouse and tied. into a cable system which terminated"at a junction

box on the launch rail. Tweo umblllcal cables were connected to the rocket
1nstrumentat1on package and to the Junct1on box on, the. ra11 complétingﬁ
the remote control c¢circuits. Figure 5 shows the receptacles for the.

umbilical cables.

The transistorized inverter was triggered to run at a constant fre--

quency of 413.57 cps. This wa- a requireinent of the VLF 1nstrumentat10n

.mentioned in Sec. I. As a part of this investigation, a dual receiver

operating at 15.5 and 18.0 kc was mounted in the instrumentation package
to record VLF signal strength. Because of the high éensitivityndf the™
receiver and the relatively low frequencies to be detected, it was

necessary to préventbharmonics of the power supply and the X-band pulse

networks” from occurring at these frequencies. The 413.57-cps rate met

thls requlrvmont

[he power . 5upp]1ed to the X- band and VHF trdnsmltters was controlled
by. relays' which were energized by remote control from the control panel
at blockhouse. This was fhecessary to permit filaments .to. be heated before

plate voltages were applied.

The 28-volt, 6.3-volt, and 20-volt bus voltages, and the l-cps
modulastion voltage were monitored at the same panel.
E. ENVIRONMENTAL. SENSORS

1. TEMPERATURE

Surface Lemporﬁrures were meqqurod by means o f Lhermorouple units

1nhtal]ed ‘at the locations shown in Fig. 2. Fh1s arrangement pEImlttLd

‘weasuring the surface temperature of each test antenna, as well as

obtaining a profile ¢f temperature along the surfacce of the instrumenta-
tion package. Each unit consisted of a Chromel/Alumel junction imbedded

in a %-inch-diameter - threaded.plug which-screwed into the rocket skin.

The plug material was the same as that of the rocket skin, with. the

xuepl1on of the plug located at Starlon 8. Table II summarizes .the
important features; as shown the temperatures were measured very close

to the surface, since the temperature of the layer of air adjacent to

“each test antenna was of primary interest.
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Table II
S © THERMOCOUPLE DATA ~

- T " - ”bmWHTW
| -STATION e cu PLUG -

ROCKET SKIN MATERIAL JUNCTION
LOCATION - MATERIAL | npioW SURFACE

. | Stainless steel 303 | 8.5.303 0,002 inch |
. * | Magnesium alloy AZ91C-T6 | S.S,303 0,002 inch e
.16 -} Aluminum alloy 606176 Al,6061T6| 0.004 inch

42.5 Aluminum alloy 6061T6 Al.6061T6 | 0.004 inch

p

The output voltages were sampled by the commutator as describeu in

Part C, ‘amplified, and telemetered to the ground recording stations.

Reference junctions wcre:located on a terminal board at approximately

Station 16, where the Chromel/Alumel gauge lcads were joined to copper

wires:going to the commutator. An iron/Constantan thermocouple was

attached to the hoard, with its leads going via‘the pull-away cables. to
a‘32dF»reference junction on the launch rail. The .output of this thermo-

couple, read at the blockhouse, -provided a means of déte:mining the ' . o
temperature of the reference junctions of the four surface-temperature .
thermocouples at the time of launch. A simple heat-sensitive resistance

civcuit was also avtached to the board to measure any drift in the

temperature of the seference junctions afiter launch, The output of this

device was sumpled and telemetered to the ground stations.

2. PRESSURE

_ Surface pressure was measured at Station 8, which was the location
of the X-bead anteana (Fig. 2); An ionization type of gauge was used,
since this was. the ouly type of gauge small enough to fit into the
limitéd space available and still be éapablé of‘éovering the pressure
range of from 200 to 0.5 mm Heg in one step.% This range includes the
range of pressures expgcted during breakdown of the X-band antenna. The
output. of the gauge was a series of 10-velt pulses, approximately 100 psec
wide. The pulse repetition rate.waéva function of the pressure, and
ya}ied from about 250/sec at 200 mm Hg‘th shout l/sec at 0.5 mm Hg. o Thesde
Pul?cs“were fed through a pulae-widoning network to a separate subcagrier
oscillator and telemetered to the ground. Pressure was determined by ) i

counting the number of pulses in a given time interval,

The minimum pressere which can be measured depends on the rate of change of presstre and the
desired ascouracy, Thaa is discussed in Sec. IJI-C-3.
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F. VLF EXPERIMENT - o - )

P

“The VLF ex perlncnt uOhslsued of flight measurements of the 31gnaJ
-strength of VLF transmissions from Stations NSS and NBA (15. 5 and 18. 0 ke)
as a function of altlcude Because of the extremely long wavelength in
comparison with the d1menslons of the rocket, it was neceasary to use
the rocket itself as a short dxpole to obtain..the longest possible antenna.
This was accomplished by inserting a dielectric coupling between the
instrumentation backégerand.the Cajun rocket, and connecting the VLF

rcceiver impul Lerminals across the gap thus formed.

A duplicate receiver was located on the ground at the telemetry

station near the launch site to provide simultaneous reference signals

that would allow later correction for variations in transmitted power’

Since' the antenna 1mpcdance would be changed by the presence-of
A1onospher1c plasma it was necessary to bdmple the antenna 1mpcdancu con-.
‘tinucusly and teleméter this data.to the ground to allow for later cor -
rection of the signal strength Jq;a. Another modlfyxng 1nf1uence was the
directional pattern characteristics of the dipele antenna. In order to
correct for pattenn effects a magnetometer was included in the airborne
instrumentation to determine the approximate attitnde of the rocket
throughout the flight. These data were also 5dmp1cd and telemetered to

the grouad.

G. STATIC FIELD MEASUREMENY : ' o S

Included in the instrumentation was a generating- voltmeter type of

fleld meter that measured the wagnitude of the electric field existing at

& point on the skin of th rocket 2 1nches aft of theé nose cone. . The
main objective for tle field- meter experiment was the 1nves*1gatzoq of the.

effects of the rocket englnes in chacging the vehicle. One of Lho de31gn
goals, Lherefore, was that the field meter dmpllflors be suff1c1ently

rugged and free of microphenics to be ahle to function during periods of
burning.  Fof this reason, transistors rather than tubes were used in. the
amblif{er. To achicve maximum dynamic range with minimum complexity a
linear amplificr-detector cirenit was chosen. The amplifier used in the
tests had a dynamic range of 40 db. In order to remain within the dynamic
range of the telemetry system without the necessity of complicated switching,
“two telemetry channels were used simultancously to transmit field-meter

information. Channel L was fed the full output voltage from the detector,
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whlle Channel .2 was fed one- tenth the detector output voltagé. Thus, at
high %1gnal levels (f191d9 up to roughly 100 kv/meter) Channcl 2 waa,: R
within its llnear range and Channel 1 was saturated, while at low field . i

levels "Channel 1 was Wwithin-its linear range and ‘Channel 2 indicated zero.

T ' ~ The detéctdr head mounted ‘in the skin of the @ehiéle (Fig 5) was of

conventional design. A set of grounded vanes alternaLely covered and” 4
uncovered a set of stationary vanes, thereby perlodlcally exp051ng ‘the
stationary vanes to the external electric field. The alternating current
B : . generated in the stationary vanes by .this perlodlc exposure to- the electr1c
' ) field was proportional to the magnitude of the field. This sxgnal was fed
to the input, of the amplifier- detector eircuit. Tt should ‘be noted that
a slmple system of this sort does not indicate the polarlty of the field. -
Also, the signal produced by the lnterrnptlon of i1on or electron current
flow to the sLaLlonary vanes is indistinguishable from the dlgnal produced
vbY uhe eleccr1c field. (A current dens1ty of 3 b a/m produces the same

reading as a fleld of 1 kv/meter)‘

II. BEACON

An S-band beacon, lType AN/DPN-41, was carried in each package to
assure goqd radar tracking throughout the flight., Space requirements
prcciudﬁd'tha use of the standard beacon power supply. Instead, power
was obtained from the common power supply and fed to the beacon through

; specially designed filters and shielded cables to prevent spurious

triggering of the beacon by stray pickup -on the power leads. Standard
A * quadraloop beacon antennas were mounted one on cach side of th. equipment

package, as shown in Fig. 2. The beacon transponder was mounted in the

ferward section between Stations 11 and 20. ' -

f . I. GROUND INSTRUMENTATION
: I
1. GENERAL "
Figure 2] shows the location of gfﬁﬁnd stations nged‘fnrithe‘launchings s
at Eglin Gulf Test Range, The launch site, Site A~-1l, Radar Station A-13,
and felemetry Station A-6 are.all located within five miles of each other
on Santa Posa Island, just off the Florida coast. Firings are directed
toward the Gulf of Mox1c0 from the seaward side of Santa Hosa Island. A

second radar station and a second telemetry station are located southeast
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of the launch site 4t Cape Sap Blas, a distance of about‘lﬂb mileS{A”The

facilities of both Santa Rosa Iﬁland and Cape San Blas were emplpyed in
the three launchings to ensure continuous data in spite of changing.
attitude of the rocket in flight. k ) -

2. X-Banp

Receiving systems were employed at Sites A-13 and D-3 to detect .and
‘record thc‘shapes of the pulses radiated by the X-band ﬁgst éntéﬁha.
A The ‘antennas were parabelic dishes with a gain of 44 db dnd used fixed,
cireularly ‘polarized feeds. Antenna positioning data for the X-band
antennas was obtained from the nearby S-band tracking radars. The video
output of each receiver was displayed on an oscilloscope and”photographed

continuously by a strip camera throughout the flight.



The flne details of the. change% in pulse shape during breakdown were
of prlmarv lnteresr hroneequenLly, becuush the pulse’ w1dbha had a maximum
value of 1" uﬂey “and ‘8- probable i nimum va;uc of 0 1 usec, "the IF and v1deo>

bandw1dths were increased to 20 Mc and 10 Mc, respectlvely, to eliminate

vwaveform d:stort1on thCh would otherw1se occur in pa551ng throuyh these

v<un1rs.MAAGC with 3 ‘time" constant’ of a few milliseconds, ‘was employed to

keep the ampl)tudc of.the displayed pulses approximately constant, so that
they could be analyzed in detail._ Thé strip.cameras were synchronized: to

photopraph every tenth pulsc, which was counsidered adequate for analysis.

. L
o it

- 3. VHF

" VHF receivers were u%ed at SltEQ A-6 and D-3°to receive the SLgnals
radiated by the VHF test antenna. The AGC voltage was fed into a
Sanborn recorder to. prov1de a record of VHF signal strength. The expected

fluctuaiions in signal strength caused by antenna breakdown are relatively

- fast compared w1bh those caused by changlng antenna orientation and

at

changing range, and could therefore be distinguished.

4, TELEMETRY

Standard.FM/FM telemetry equipment was employed at Sites A-06 and

D3 to weeceive and record the telemetered signals. Five subcarrier

discriminators were employed at 22, 30,. 40, 52,5, and 70 ke, all with
+/ % bandpasq illLers. The output ofeach dlwlumlmﬂnr was recorded

as well as’ ihp LomposllF of th five chaunels the receiver AGC voltage

“and the data.channel outPUub~0f the avtomatic decommutator in the case

of the 52,5 and the 70-ke cﬁannpls Other daua, which were not tele-

metered but recorded on telemetry tape and ‘Sanborn recorders, consisted

" of the ViF receiver AGC voltage, mentioned in Secy IT-T- 3, and the VLF

ground-rgcequr output’ voltages (Site A-6 only, see Sec. II-I-5).

“

3,5

VLF

A dual VLT receiver was located at a point abhout 300 feet. from the
telemetry station at Site A~6 to receive signals from NSS and NBA. for
reference purposes. The outputs of this receiver were transmitted through

5()-ohm cnaxial cable to recorders in the telemetry station (see Sec. II-1I-4).
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6. THACKING

e

band radars 1ocated at.Sltes A~6.and D 3 wera used to track the

'beacon in the rocket “Iq ‘addition, optical tracking data_were supplled

R » V £nr,approx1mat§ly'the first 30bseqondg of flight by phétothéoddlifes L
‘1%;?H oo 'il'lomhtéd‘at Site A-6. I v ‘" - LT I

©

J. " SHOCK AND VIBRATION TESTING S

ohock ‘and v1brabxon tests were periormed on completed. xnstrumenta-
L1on pa(kages Nos. 2 and 3. Equipment employed in these tests consisted
‘of a Barry Model "150 VD 'shock machine, which is. essentially a.drop~ -
“testing maching; and an M-B Model C~25 vibnétiog‘teéﬁymachinQ;w The
instrumentation packages were so mounted that.the-shock and vibration
forces were parallel to the longitudinal axis. Since only the actual’
 flight packdgcr wcfc'ﬂva*lablc for tes t, it wgé not possible to test to

‘deatruchlon

. . . } o W 0
Table TIT lists the test conditions imposed on the two equipment

packages. Electronic parts and hardware items. that showed a tendency to

loosen were secured by potting compounds Qf‘mechaniéal locking devices.

No major damage resulved from these tests.

- Table YII.
ENVIRONMENTAL TEST CONDITIONS-
S . DESCRIPTION OF TEST
o - ~TEST ——— &
e . ) . Package 2 n . Package 3 )
~Shock 1 "1 8-inch drop, 25g, 10 ms d@ratinn 7;25niﬁ;h drop, 25g, 11 ms duration'
Shock 2 7 | 24-inch drop, 50g, 11 ms duratiomn 24~inch drop, §0g, 11 ms duration
Shock 3 . | 3-inch drop,- 10g, 11 ms duration | 2.5 «inch drop, 10g, il ms duration
Vibration 1.| 20-125 cps, 5g, 1 minute 10-30 eps, lg, 2 minutes )
Vibratiolt 21125500 cps, 5g, | winute . 30-70 cps, 0.036-inchamplitudeZ‘minut.es
Vibration 3 | 100-500 cps, 8g, 1 minute 70-500 cps, 5g, 2 minutes
Vibratiop 4 - : 100-500 cps, 8g, 2 ‘minutes
S . ) | "

\i
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A SUMMARY

BN

I1T" FLIGHT TEST RESULTS AND ANALYSIS

The launch site was Site A-11, Aecrospace Launching Facility, Eglin Gulf

Test Range, Santa Hosa Tsland, Florida. The launchers were. the general-

‘purpose type,:déSigned'so that both of the Nike: launching tees- release

simultansously, from the launcher after the vehicle has traveled 200 inches’
along the rail. . Umbilical cables were pulled from the payload at first
motion. Launch time is defined as the time of first-stage ignition, as

observed from phototheodolite film. Table IV-gives times of pertinent

events for the three flights. S
Table IV
LAUNCH DATA

WMission Number : 1 Z -7 3
Date 1 4 Nov. 1960 14 March 1961 24 March 1961
Lavunch Time (Zulu) 052:00, 390, 2152:00.535 1917:59.367
Ist Stage Separation (sec) - 3.5 3.6

2nd Stage Ignition (sec) 16.67 ©18.265 19.6
2nd Stage Burnout (sec) - 21.535 22.966
Radar Tracking Data (sce) 54.5 - 316.0 none
Phototheodolite Nata (sec) 19.67 - 273 23.1
Elevation /Angle e -] 86° . -
" Azimuth Angle L . 154° -

Additional data on ground-support equipment, vehicle trajectories,

Cwind velocities, and launch facilities are available from Rgf.vﬁ.

B. FIHST FLIGHT---ROCKET AA6.800

Rocket AA6.800 was launchod from Eglin Gulf Test Range on
4 November 1960. Radar and camera rvecords show that .the rocket pcrformed
as expeccted. A walfuuction occurred in the iustrumentation gpower supply
:dﬁsing all equipment to tempovarily ceass'oporating during the Nike
hurning period and to permanently cease operdtlng at Cajun ignition ap-

proximately 16.7 seconds a[tel launch,




The X-band transmitter was being monitored prlor to ‘launch and was

- was reporbed to have stopped and it is presumed to have stayad off until-
'f_tfi 3.112 seconds,. when the telemetry returned and showed it to be func~_

‘tioning agdln, It is belleved that the radar beacon also came back on

when the rcst of the sybtems did, because the proyer supply voltages to

"~the beacon were indicated by the telémetry system. - No: report of ‘the beacon

having returned to operation was received; however, this was probably due
to the fact that the radar which was intqgnogating the heacon was uhable
to reﬂPquer the rocket after‘]osing it at launch. Another radar dld sk1n~n

vrack the Cajun to about 200,000 feet before it lost contact. .

All available 1nf01mat10n ;ndlcates that a malfunctlon occurred 1n

the power supply while accelerating ‘during Nike .engine burning. The fault

was apparently cleared when the acceleration was remeved at Nike burnout,

and all systems appeared to function'properly_again‘umtil Cajun ignitien

- occurred at t = 16.7 seconds, at which timé the malfunction reappeared'ahd‘

remained, The power supply is. the only point in the systém in which a

“maliunctlon could cause all systems to go on and off at the same time. The

. exact locatlnn of the fault in the power supply is impossible to determine,

Hnwever it is felt that becanse all systems failed together it must have
occurred at the input side of the inverter, where the 28-volt battery
voltage is chnpped to produnce the 4ld-cps wave that, supplies all the ac-
to-dc converters, as well as the 414-cps loads. '

"

C. SECOND FLIGHT- ROCKET AAG.801

1. ROCKET PERFORMANCE DATA

Rocket»AAé.BOi was launched from Eglin Gulf Test Range on" 14 March,.1961,

Fégure 22 shows «the complete rocket assembly mounted on the launching rail
and raised to the firing position Radar camera records show that the

rocket performed as expected. ‘ F1gure 23 shows velocity, acceleration, and
altitude for this flight. No data were obtained from the X-band experlment

due to a failure of the transmitter shortly after launch. Data were ob- .

tained from the environmental sensors, the VHE experiment, the field strength

experiment and the VLI experiment. lhose are described in the following

paragraphs.

40
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2. SKIN TEMPERATURE

‘A graph of the measured temperature data is given in Fig. 24.- In
general the surface temperatures were well below the design values, thereby
allowing a greater margln of snfety than was planned. - Note that ‘these are

external surface: temperatures, and are probably apprec1ab1y hlgher than

those on the inside of the rocket due to thermal ‘time lag’ and the rela-

tively short -flight time. Temperature peaks occurred shortly after the

velocity peaks, as would be cxpectqd. Near the peak of the trajectory the

temperature profile ‘was almost constant at about 200°F. This condition
continued through the peak and subsequent descent until denser alr was re-
entered at abnut 150,000 feet, ‘at which time temperatures agaln rose to
high values, though not as hlgh as durlng rocket burning, The temperature.

at the tip of the nose cone during this re-entry reached a maximum of 500°F

“at an altitude 0f.40,000 feet and a velocity of 4200 ft/sec.
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FIG. 24 SURFACE TEMPERATURES vs. ALTITUDE AND TIME - ROCKET AA6.801
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v 3. SurRrfAcE PRESSURE

Pressure data which were- obtalned from the’ 1on1zat10n ‘gauge at the

VX band antenna lncatlon (Statlon 8) ‘is shown in Flg 95, together with

the calculated values of pressure. The ambxcnh free-stream pressure, ob-

tained from'the ARDC 1959 standard atmospherlc model7 is also shown.in.

Flg. 25. * The pressure on the nose cone due to aerodynamlc effects was

~ calculated fromltbe“folldwing'eqdaplon.*

e : My . s
qu = Pi 1+ et ff* v A S ‘_(6)
where
v = ratio of specific heats? . 7
P,. = pressuvre along the conical surface of the nose cone
P, - ambigﬁt free-stream pressure
M, = free-stream Mach number.

The ratio AP/q as a function of the Mach number was obtained from

Taylor and Maceoll’s curves® for a semi-vervex angle of 14.5 degrees.

These are valid as long as the shock wave ., s attached to the rocket, the

condition existing in the altitude region for which P, is plotted in

Fig., 21,

_ IhP actuadl measured prpssures agreed qu;Le CIOnely w1th the 6heoretQ‘
ical values for altitudes up to 120 000 feev, at which point the measured-
values bLecawe appreciably hlgher than the theoretlcal ones: .The pressure
range of the gauge in fllght has a fundamental limitation in_ that the .
output pulse count decreases with pressure until "2 point is reached where,
the measuring interval becomes so long that rhe'fahe of change of pressure
must be considered. In-the Nike- Cajun flights this occurs at o pressure

oi approximately 0. 5 “mm Hg, where the gauge output is one“pulse‘per~second.
and the change of pressure dee to vehicle motion is;approximhtqu,20,pe?cent
of the value being measured. This level is identified in Fig. 25 as the

minimum pressure gauge reading for good Tesolution. This is seen to be

% ) .
See Appendix A for derivation.
1 ¥ = 1.4 for air up to approximately 300,000 feet where the composition of the air begins to change.
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considerably lower than the pressure .at - which dev1ac1on of the theoreb)cal

“~and measured curves take place Conseauently' hhe observed dlsurepanc1es
E abovq 120 000 ieet arP not attrlbuted to thls effect

AnoLher p0551b111by con51dered was that the amblenp electron dens1ty
was high enough to cause erroneous indications in the ionization gauge.
“The characterlstjc time. ‘constant of the pxckup tube and chamber System
Was found to be less than- 10 .ms, a value low enough to assure essentially
equal pressures inside and outside due to the relat]vely slow time rate
of pressure change o the outside. Thercfore, since there is negligible
net gas.flow through the tube in which to transport electronﬁ, a diffusion
current appedrs to be the only manner of contributing electrons to the
densifometer from external sources. It was calculated that the mean free
path is large enough at 270,000 ft so that free molecular flow rather than
viscous flow exists 1in the pickup tube, At‘albitudes Lelow 180,000 ft;

the opposite is true, A transition region exists in the 180,000+ to

270,000-ft region.  The electron current due to diffusion'hasta’maximum :

value at 180,000 feet cqual to:

electrons electrons
I o —— = 100X, —— ©(7)
: sec : co
where
n, = ambient electron density.

In the free molecular flow region the expression for maximum I is

clect
B I T T W

sec

The current I was caléulated as-a function of altitude, nsing Eqs. (7). and

"(8),.for the appropriate.albitudg regionsi* The ' current I in the inter-

“wediate region was obtained by interpolation, assuming a continuous tran-

sition. These currents were then used to calenlate an equivalent gauge

output by means of the following equation:

pulse rate = I (amperes) X (5 X 1019 .

7
. Calculpted values of electron curvent assume the worst case and neglect the loss of electrons to the
walls of the tube connecting the gouge to missile surface.

-46

I
1
(
i
i
|



P

Equlvalent pressure- readlngs were ohta1ned from the manufacturer s uall-
bration sheets, using the calculated values of pulse rate. "These equlva~
lenn pressure readings, which are plotted in Fxg 25,,1ndlcate that
mblent electron densities did not contribute 51gn1f1cantly to the, gauge

errors noted above 120,000 feet, ‘since the graph shows no apprcc1able

ambient effects occurr1nb before 250, 000 feet. The .graph also shows‘that.“.
the ambient effects which occur beyond 240,000 fee% do nqg:ﬁesemble thé

observed errors.” It is nevertheless felt that an electron curfent into
the gauge is o likely cause of false high readings at low pressurés and

that while currents produced by external ionization do mot appear to be.

“the only cause, they undoubtedly contributed to the observed error. Héw-

ever, the mechanism by which spurious electron current of proper magnitude

could have entered to produce the observed errors remains unknown.

The ‘pressure at Station 42.5 (location of center of VHF antenna) was

not measured, since this location is five diameters back on. the cylindrical

portion of the rocket,.where ambicnt pressure conditions exist:

4. Powen SUPPLY VOLTAGES

In-flight measurements of the 28-volt, 6-volt, 150-volt and l-cps

supplies show no large deviations. This indicates that the X-band failure

at launch occurred within the transmitter. Graphs of these voltages arc given in Fig. 26,

~!
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B B . " . . - e ]
R | ] L ] R e { !
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T FIG, 26 EQUIPMENT MONITOR VOLTAGES vs. TIME - ROCKET AA6.801
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5. VHF ANTENNA BREA&DOWN Data

These data were derived mainly from the records of signal strength
obtained at the A-6 and L-3 teclemetry stations. Figure 27 shows breakdown
initiate and extinguish yalues éxpressed in terms of percent of maximum
transmitted power. The data points were obtained by examining the modula-
tion waveform of received signal strength and noting the exact times in
the c¢ycle at which breakdown was initiated and extinguished. Since the
pewer variation was approximately linear, the ratio of initiate or extin-

guish power to the maximum power was readily determined. (See Section II-B.)

It was found that the waveform of incident power as obtained from the
telemetered detector data was very similar to the waveform of VHF signal
strength. In Fig. 28, these waveforms are compared for a typical one-second
interval at t = 43 seconds from launch. The curve of incident power has
a shape almost identical to the curve of transmitted power, rather than
the chape expected. Figure 28(b) compares the incident and transmitted
power with respect to the level at which the characteristic step occurs,
as a function of altitude. These curves are also almost identical. This
suggests that the apparent breakdown took place in the transmission system
ahead of the directional coupler. However, it is also possible that the
incident power varied due to reflections from the aperture if breakdown
was taking place there. Slight differences were noted between the data
for the ascending phase and the data for the descending phase. Since break-
down is a function of density, some differences would be expected, as the
density conditions across the gap are not the same for ascending and de-
scending. This is attributable to the fact that even though the pressure
conditions are approximately the same at a given altitude, the temperatures
a* the surface (Fig. 24), and hence in the boundary layer are quive dif-

ferent, resulting in a different value of density.

The initiate levels are replotted in Fig. 29, together with the re-
sults previously obtained in laboratory tests. The latter results indicate
that at altitudes up to about 180,000 feet, less power is required to ini-
tiate breakdown as the density is decreased, whereas above 180,000 fees

more power is required as the density is decreased.

In view of this, ard the fact that the density was higher in the de-
scending phase than in the ascending phase at all altitudes above 40,000 feet,

one would expect lower initiate levels in the descending phase above
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180,000 feet and higher levels below. This was not the case, however;
Figs. 27, 28, and 29 show that lower values of initirte level were re-

quired in the descending phase below 180,000 feet.

A more fundamental discrepancy is obvious from Fig. 29. Whereas
theory and laboratory experiments predict a breakdown altitude region of
120-240,000 feet, with a definite minimum value of initiate power at
180,000 feet, the flight data show a leveling-off to a more or less con-
stant value at all altitudes above 120,000 feet. The available data in-
dicate that the density conditions at a given altitude or pressure were
only slightly different in the flight condition from what they were in
the laboratory. Consequently, the large differences indicated in Fig. 29

are not explained in terms of known density ditferences.

The fact that breakdown occurred at lower altitudes than expected
might be attributed to breakdown within the VIF amplifiers feeding the
antenna. Two amplifiers in series composed the oufput stages of each VHF
transmitter. Originally, RF breakdown in either amplifier stage was not
considered a possibility by the subcontractor who assembled the VHF trans-
mitters. However, the subcontractor later informed the Institute that
the final stage might be expected to undergo breakdown at some altitudes.
Consequently the final amplifier in the second and third flight packages,
which were then being readied for flight, were carefully sealed at the
launch site. Although it was not possible to check the seal in a vacuum

chamber, it is presumed that the seal was complete.

Test data obtained later from the amplifier manufacturer show that
at a power level of 40 watts, RF breakdown has occurred in at least two
unpressurized amplifiers at a pressure equivalent to 20,000 feet altitude.
Similarly, at nower levels of 20 watts and 7.5 watts, breakdown has oc-
curred in samples at altitudes of 60,000 and 97,000 feet, respectively.
These data points are shown in Fig. 29. Since the first amplifier in each
flight package was not sealed and since its output at the peak of the
modulabionvcycle was 7.5 watts, breakdown could have occurred in it) on
the basis of theabove laboratory data. However, the flight data indicate
that the breakdown level of ocutput power of the final amplifier was ap-
proximately 20 watts at 97,000 feet, which corresponds to 3.17 watts out-
put of the first amplifier. The latter value is considerably lower than
that which was obtained in the lab. Becausc of the lack of complete data
it is not certain that the breakdown actually took place in the transmitter

amplifiers,
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6. X-BAND ANTENNA BREAKDOWN DATA

No X-band breakdown data were obtained. Figure 30 shows the expected
results. The laboratory data of Fig. 15, which were plotted as a function
of pressure, have been replotted in Fig. 30 as a function of altitude,
with allowance for the dynamic conditions of temperature and pressure
which existed at the aperture of the antenna during the flight. Separate
curves are drawn for the ascending and descending phases, since pressure

and temperature conditisns are somewhat dif{ferent (sce also Figs. 24 and 25).
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FIG. 30 X-BAND ANTENNA BREAKDOWN - CALCULATED FLIGHT DATA

7. "VLF Daras

The VLF receivers recorded only the signal strength of U.S. Naval
Kadio Station NBA because a change in frequency of station NSS was made
shortly before the last two flights. An excessive amount of antenna noise
was noted throughout the entire flight, and is attributed to interference

from the S-band beacon transmitter.

Accurate signal strength data were derived from the recorded receiver
voltages, except at altitudes above 180,000 feet, where the rocket tumbled
or precessed. The details of this motion are not known because the
attitude-sensing magnetometer failed to operate above 135,000 feet. Con-
sequently, signal strength data which was obtained for this higher alti-

tude region contains a possible error of as much as 10 db.
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Antenna 1mpedance data were obtained as a functiuvn of altitude. The
measured capacity of 30.1 picofarads (pf) just prior to Nike separation
compared well with the 33 pf previously olbtained from model measurements.
Similarly the capacity after separation was 26.5 pf, as compared with
25.5 pi on model measurements Between 9,000 and 210,000 feet a noise-
like variation of about 7 pf (peak-to-peak) was noted. The reason for

this is unknown but it is believed to be partly due to changes in the

capacity of the dielectric gap

Measured differences of about 4 pf were observed between the up and
down paths at 30,000 feet, with smaller differences at the higher altitudes.

These also are attributed to slight changes in the gap capacity.

At altitudes above 210,000 feet, as the rocket entered the ionosphere,
the main trend was toward increasing capacity with increasing ionization
with values rising to as high as four times the initial value near the
peak of the trajectory. Superimposed on this 2re cyclic variations which
are ‘attributed to rocket precession. 'The reason for the main trend was

not determined.

The conductance component showed a rise and fall in the 45,000 to
150,000 feet altitude region which has been attributed to heating of the
gap by heat conduction from the Cajun motor, followed by cooling after
burnout A rise occurred on the down path at about 60,000 feet., probably

as ¢ result of aerodynamic heating.

8 Static FIELD STRENGTH DATA

The field meter experiment was directed at the investigation of pos-
sible effects of rocket engincs in producing static charges on rockets
and missiles. Previous experience with jet engine charging on aircraft
indicated that the rocket engines should be expected to charge the vehicle
to potentials of several thousand volts. Conductivity data indicated that
this charge should leak away rapidly‘after burnout, so that it was antici-
pated that at altitudes of 30 kilometers and above the insensitive field

meter used in this experiment should indicate zero

Data from the firing shown in Fig. 31 indicate that the engines did
indeed charge the rocket to potentials of several thousand volts, and, as
was expected, this charge leaked away within a few seconds. Thus, shortly

after burncut, the field meter indicated essentially zero field until an
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altitude of 90 km was reached. At this time the field meter unexpectediy
began to indicate a non-zero field. The indicated field intensity gradu-
ally increased until at 100 km it reached a value of thousands of volts

per meter. High field readings of gradually varying magnitude persisted

to the apex of the trajectory and down to roughly &5 kn,

Vhen the data were first inspected it was felt that the high indicated
field at 90 km and beyond must be the result of a malfunction in the field
meter. It was difficult, however, to conceive of a malfunction that would
cause the indicated field to vary gradually. On the other hand, assuming
that the instrumentation did not malfunction, 1t was difficult to conceive
of a mechanism whereby sufficient charge could be maintained on the rocket
to produce the measured field magnitudes or ion currents. One possibility
considered thus far is that the rocket encountered a cloud of dust near the
apex of 1ts trajectory, and triboelectric charging resulting from impacts
with dust particles was responsible for the high charre on the rocket.

The existence of a dust cloud at these altitudes was demonstrated by
Soberman® of AFCBL using an Acrobee-Hi rocket equipped with traps to ob-
tain dust samples. Unfortunately, Soberman’'s experiment did not measure
the charges generated by the particles upon impact with the vehicle so
that it is not possible to obtain quantitative verification of the indi-

cated field magnitudes.

D. THIRD FLIGHT— ROCKET AA6.802

Rocket AA6.802 was launched from Eglin Gulf Test Range on 24 March 1961.
Radar and camera records show that the racket performed as expected. No
data were obtained due to a failure of the power supply diring the first
acceleration shock of Nike ignition. No telemetry data were available to
enable determination of the location of the failure. ' Data up to the instant

of firing indicate that all systems were operating normally until that time.
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IV CONCLUSIONS AND RECOMMENDATIONS

Although three payloads were launched and the rockets performed as
cxpected, significant results were obtained only from the 14 March mission.
Failures occurred in the common power supplies in the 4 November and

24 March payloads, thereby preventing the recording of useful data.

Data from the 14 March mission were limited hecause of a failure in
the X-band transmitter shortly after launch and breakdown in the VHF system
" ahead of the antenna. Temperature profiles and nosecone pressure were ob-

tained, as well as static charge and VLF field strergth data.

In order for the primary objective, as set forth in the introduction,
to be achieved, additional tests would be required. A fundamental dif-
ference exists between flight and wind tunnel conditions which would make
the results of wind tunnel testing of questionable value. The free-stream
velocity and pressure can be readily simulated, and perhaps even the den-
sity, but the free-stream and stagnation temperatures would in general not
be the same in the wind tunnel as they are in flight, resulting in a dif-
ferent density profile across the boundary layer. Since this layer is
where the breakdown occurs, and since breakdown is a function of density,
different results would be obtained. In view of this, it is recommended
that further tests should be flight tests. The usefulness of such tests
would be incrcased if performed at speeds above Mach 6, where velocity and

1

ionization effects would ': readily apparent.

Two methods of increasing the reliability of such tests are suggested.
First. because of the equipment failures experienced in the three flights
it is recommended that at least one complete equipment package be available
solely for environmental testing to destruction. The shock and vibration
testing performed in this program was limited because the equipment tested

was flight equipment and could not be tested beyond its endurance.

Second, it is felt ‘that the use of separate power supplies for each
experiment and for the teleuwetry equipment would be the proper approach
for flight tests, notwithstanding the fact that a larger vehicle would be

required.  This approach was not used in the program described here because
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of severe space limitations in the Nike-Cajun instrumentation package.

An alternative would be to use the same vehicle (Nike-Cajun) with only

one major experiment (i.e. cw or pulse breakdown) per flight. 1In this

case, a minimum of two flights would be required. Additional reliability

could then be readily achieved by decreasing the density of all critical
equipment and utilizing the remaining space for detectors enlarged by the
addition of integral amplifiers to eliminate low-level signals, which are

susceptible to stray pickup. The elimination of inter-experimecnt inter-

ference problems and a reduction in ground instrumentation complexity

would also result from this approach. Another alternative would be to

utilize extra space on another vehicle on a non-interfering basis.
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APPENDIX

PRESSURE ON SURFACE OF CONE AS A FUNCTION
OF FREE-STREAM PRESSURE AND MACH NUMBER

The normalized pressure change between the free stream and the surface
of a cone for a given Mach number and cone semi-vertex angle has been de-

termined by Taylor and Maccoll!® and is given by

= (A-1)
q q
where P, = cone surface pressure, P, = free-stream pressure, and g is a
reference pressure given by
pV? oaM)?
= = (A-2)
! 2 2
p = density
V = velocity of body
¢ = local speed of sound
M = Mach number.
Pat
P
a? = X
P
¥ = ratio of specific heats (1.4 for air)
P = pressure of gas
so that
g - —}PM? : (A-3)



Equation (A-1) then becomes

P, - P

or
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